Ubiquitin-dependent proteolysis plays an important role in regulating fundamental biological functions, including cell division and cellular differentiation. Previous studies implicate the ubiquitin-proteasome system (UPS) in myogenic differentiation through regulating cell cycle progression and modulating myogenic factors such as MyoD and Myf5. Certain ubiquitin protein ligases, including the SCF complex and APC, have been suggested to govern terminal muscle differentiation. However, the underlying mechanism of regulation of both the cell cycle and myogenic factors by the UPS during this process remains unclear. We have dissected the role of the UPS in myogenic differentiation using an in vitro muscle differentiation system based on C2C12 cells. We demonstrate that Cdh1-APC regulates two critical proteins, Skp2 and Myf5, for proteolysis during muscle differentiation. 
Myogenic differentiation is a complex of multiple cellular events that involves withdrawal of myoblasts from the cell cycle, expression of muscle-specific genes, myogenic fusion, and myofiber formation (1) (2) (3) .The regulatory role of the ubiquitin-proteasome system (UPS) has been implicated in many critical cellular processes, including cell division, development, signal transduction, and genomic integrity, as well as muscle differentiation (4 -11) . In particular, the UPS has been suggested to play a critical role in coordinating the exit of myoblast proliferation and subsequent differentiation and activation of the differentiation program via proteolysis of myogenic factors such as MyoD and Myf5 (12) (13) (14) . The protein half-life of several critical cell cycle regulators, including Rb, p21, and E2F, which are required for the initiation of myogenic differentiation, is tightly regulated by the UPS (15) (16) (17) . MyoD and Myf5, two major bHLH proteins, are usually downregulated by UPS after completion of cell fate determination or before the onset of myogenic differentiation (12) (13) (14) . Critical E3 ligases, such as SCF, have been suggested to govern MyoD protein degradation, while anaphase-promoting complex (APC) has been suggested to control Myf5 proteolysis during the lineage of muscle differentiation (12, 13) . Although ubiquitindependent degradation of MyoD and Myf5 is biochemically linked to myogenesis, the exact mechanism by which the E3 ligase regulates the differentiation process is unclear. Moreover, the regulatory role of the UPS in governing the transition from cell division to differentiation awaits further investigation.
Our recent studies that systematically measure the protein profile during myogenic differentiation show that several proteins are significantly altered in a drastic manner suggesting proteolytic regulation (unpublished data). The most interesting proteins from this analysis that exhibit a dramatic reduction in levels during differentiation are Skp2 and Myf5. Skp2, a F-box protein, is the substrate-specific subunit of the SCF (Skp1-Cul1-F-box protein) ubiquitin ligase complex that has been demonstrated to govern the G1/S cell cycle transition (18, 19) . The biochemical function of Skp2 is to ubiquitylate p27 for degradation; thus, regulating ubiquitin-dependent alteration of p27 is crucial for cell cycle arrest and differentiation (20, 21) . In association with SCF complex, Skp2 additionally targets p21 for proteolysis, thereby regulating G1/S progression (22, 23) . During the cell cycle, Skp2 protein levels are regulated by APC in association with its substrate-specific factor, Cdh1 (18, 19) . Recent studies by us and others highly suggest a potential function of Cdh1 in cellular differentiation, especially in muscle development that is supported by the specific expression pattern of Cdh1 in somite and skeleton muscle (24 -26) . However, the targets of Cdh1 that govern myogenesis remain unknown. Given the notion that Myf5 is down-regulated by APC, the central question that must be addressed is whether Cdh1 is the substrate recognition factor orchestrating APC in regulating Myf5 during myogenic differentiation. Therefore, we dissected the function of Cdh1/APC in myogenesis.
To address the role of Cdh1/APC in muscle differentiation, we engineered a Cdh1 depleted myoblast cell line. The comparison of the protein profiles of control and Cdh1 mutant cells during myogenic differentiation coupled with subsequent biochemical analysis, has led to the identification of two Cdh1 substrates required for myogenesis. Our work demonstrates that Cdh1, in association with APC, is a critical component that governs myogenic differentiation through its interaction with substrates Skp2 and Myf5. Furthermore, targeting Skp2 for degradation is important for withdrawal of myoblasts from the cell cycle, while proteolysis of Myf5 contributes to myogenic fusion.
MATERIALS AND METHODS

Plasmids and constructs
Skp2 was engineered by PCR using the following primers: 5ЈAAAATCGATATGCACAGGAAGCACCTCCAG3Ј 5ЈTTG-GCGCGCCTAGACAACTGGGCTTTTGCAG3Ј and then cloned into pCS2-HA, a mammalian expression vector.
Skp2⌬db (D-box deleted Skp2) was generated by deleting amino acids 1-11 using a PCR-based approach. The primers used for constructing this mutant are as follows:
5Ј AAAAATCGATATGCTGAGTAGCAACGTTGCCACC 3Ј 5Ј TTGGCGCGCCTAGACAACTGGGCTTTTGCAGTGTC3Ј. pREX-IRES-GFP and pREX-IRES-CD2 are gifts from Dr. Xuedong Liu (University of Colorado, Boulder). pREX-HASkp2-IRES-CD2 and pREX-HA-Skp2⌬db-IRES-CD2 were generated by PCR using the following primers: 5ЈAAAAGTCGACCCACAGGAAGCACCTCCAGGAG3Ј 5ЈTTGCGGCCGC TCATAGACAACTGGGCTTTTG3Ј Myf5 was engineered by PCR using the following primers: 5ЈAAAAATCGATACCATGGACATGACGGACGGCTGCCAG3Ј 5ЈTTGGCGCGCC TAATACGTGATAGATAAGTCTG-GAGCT3Ј and then cloned into pCS2-HA, a mammalian expression vector.
Myf5⌬db (D-box deleted Myf5) was generated using the following primers: 5ЈCTCGCGCATGGTGGCGGCCTTGCG3Ј 5ЈAAGGCCGCCACCATGCGCGAGAAGAAGGTCAAC-CAAGCTTTCGAG3Ј pREX-HA-Myf5-IRES-GFP and pREX-HA-Myf5⌬db-IRES-GFP were generated by PCR using the following primers: 5ЈCTCAGGAATGCCATCCGCTACATTGA3Ј 5ЈCAATCCAAGCTGGACACGGAGCTTTT3Ј
Antibodies
Western blot analysis was performed using the following antibodies: anti-Cul1 (Santa Cruz Biotechnology, Santa Cruz, CA, USA), anti-Myf5 (Santa Cruz), anti-PIK (Santa Cruz), anti-Cdc25A (Santa Cruz), anti-APC2 In vitro protein degradation assay 35 S-labeled HA tagged human Skp2/Skp2⌬db and Myf5/ Myf5⌬db proteins were synthesized using the TNT expression system (Promega, Madison, WI, USA). Approximately 10 ng of IVT-Skp2/Skp2⌬db and Myf5/Myf5⌬db were added to 20 l extracts prepared from C2C12 cells supplemented with the degradation cocktail (1.25 mg/ml ubiquitin, 1ϫ energy regeneration, 0.1 mg/ml cycloheximide). Cell extracts for the Skp2 degradation assay were prepared from C2C12 cells harvested at 24 h after induction, while cell extracts for the Myf5 degradation assay were collected at 48 h after induction. Aliquots were removed at different times and resolved by SDS-PAGE and autoradiography (27) .
Immunofluorescence
Cells were grown in induction medium of 2% horse serum. Following induction and PBS wash, cells were fixed immedi-ately in 4% paraformaldehyde for 10 min. After fixation and PBS wash, cells were permeabilized with 1% Triton X-100 in PBS for 30 min at room temperature. Cells were then incubated overnight at 4°C with primary antibodies diluted in blocking buffer. After PBS wash, the cells were incubated with secondary antibodies coupled with Texas Red (Jackson ImmunResearch Laboratories, Inc., West Grove, PA, USA), or Cy2 (Jackson ImmunoResearch Laboratories, Inc.) for 1 or 2 h. The cells were stained with DAPI (1:1000 dilution of 1 mg/ml stock) and were analyzed by microscopy.
BrdU incorporation assay
BrdU (5-bromo-2Ј-deoxy-uridine) incorporation assay was performed according to the manufacturer's protocol (Roche Molecular Biochemicals, Indianapolis, IN, USA) followed by analysis of the mean fluorescence intensity per (28) .
RESULTS
Alteration of protein profiles during myogenic differentiation of C2C12 cells
Myogenesis requires a series of cellular processes, including the initial commitment to myogenesis that requires the expression of early myogenic factors, the withdrawal of the myoblast from the cell cycle, the activation of the transcriptional program expressing subsequent myogenic specific factors and ultimately, terminal differentiation to yield a multinucleated myofiber (29, 30) . Several critical signaling pathways, including FGF2, TGF-beta, Shh, Wnts, Bmp, Notch, and IGF, have been demonstrated to be involved in myogenic differentiation (1, 29) . The significant roles of several proteins, including cell cycle positive regulators, cell cycle inhibitors, and several crucial myogenic factors, have also been identified in the process of muscle differentiation (2, 31) . More recent functional genomic and proteomic studies have implicated the importance of the UPS in muscle differentiation (32) (33) (34) . However, the regulatory circuitry of the UPS that modulates myogenic differentiation is not well understood. To thoroughly assess the critical role of the UPS in governing muscle differentiation, we have conducted an analysis of the protein expression profile during myoblast to myofiber differentiation using C2C12 cells. C2C12 cells are myoblasts that can differentiate into multinucleated myofibers when grown in induction medium (2% horse serum) (Fig. 1A) (35) . To monitor the profiles of certain cell cycle regulators, signaling molecules, and transcriptional regulators, which are potentially involved in muscle differentiation, we have measured the abundance of candidate proteins before and after 48 h of induction by immunoblotting. As shown in Fig. 1B -D, the levels of several proteins exhibit dramatic alterations during myogenic differentiation. Among the proteins tested that promote cell cycle progression, the protein levels of Cdc25A, Cdc25C, and Cdh1 are increased after induction, while the protein levels of cyclin B, Cdc2, Wee1, and Skp2 are reduced (Fig. 1B) . In contrast, immunoblots for proteins that inhibit cell cycle progression, including p21, p27, p15, p16, and Rb, are increased following induction (Fig.  1C) . The immunoblots for proteins implicated as signaling molecules or components involved in transcriptional regulation that are altered, included Myf5 and SnoN, which show decreased expression, and alpha B-crystallin, which show increased expression (Fig. 1D) . The altered expression of these profiled proteins provides a valuable clue to dissect the underlying mechanism of muscle differentiation, especially in terms of its regulation by proteolysis.
Cdh1/APC is involved in myogenic differentiation of C2C12 cells
Among the above examined proteins, Skp2 and Myf5 show dramatic alteration in response to myogenic induction (Fig. 1B, D) . Previous studies have shown that Skp2 is a critical protein that antagonizes cell cycle arrest via degradation of p21, as well as p27 (21) (22) (23) . Skp2 is required for ubiquitin-mediated degradation of the CDK inhibitors p21 and p27 (21) (22) (23) . Turnover of Skp2 is controlled by Cdh1/APC (18, 19) . Besides Skp2, Myf5, a critical myogenic factor, is also tightly regulated by the UPS, especially through the APC pathway, although it should be noted that the activator that associates with APC was unknown until this study (13) . These data, therefore, support a potential role of Cdh1/APC in the control of myogenesis. To assess the significance of Cdh1/APC in myogenic differentiation, we examined the function of Cdh1/APC in muscle differentiation.
To demonstrate that Cdh1/APC is a critical E3 ligase in the regulation of muscle differentiation, we stably depleted Cdh1 by siRNA knockdown in C2C12 cells ( Fig. 2A) (36) . As shown in Fig. 2B -E, depletion of Cdh1 significantly retarded cellular elongation and myogenic fusion resulting in the abrogation of myofiber formation (37) . These data suggest the importance of Cdh1/APC as a critical E3 ligase in facilitating myogenic differentiation.
Withdrawal of myoblasts from the cell cycle is one of the hallmarks of myogenic terminal differentiation. To evaluate the cell cycle status of control cells, as well as Cdh1-depleted cells following induction, we measured cellular proliferation rates as reflected by both BrdU incorporation and phospho-histone3 positive immunostaining (38, 39) . As shown in Fig. 3A-D , 48 h after induction, less than 5% of control cells were BrdUpositive compared with ϳ25% of cells labeled before induction. The reduced labeling by BrdU application reflects cell cycle arrest most likely in G1. In contrast, depletion of Cdh1 completely abrogated cell cycle arrest as demonstrated in Fig. 3B and D. To confirm the result from the BrdU analysis, we also analyzed the relative number of mitotic cells before and after induction as demonstrated in Fig. 3E -H. The number of phospho-histone3 positive cells decreased after induction of control cells but not Cdh1-depleted cells.
Proteolysis of Skp2 and Myf5 in response to myogenic induction requires Cdh1/APC
This present analysis of the protein profiles before and after myogenic induction shows the dramatic alteration of several proteins, including Skp2, Myf5, p21, and p27. The regulation of these proteins by the APC pathway has been previously implicated. The Skp2 protein is targeted by Cdh1/APC for degradation, which results in the elevation of p27, thereby regulating G1/S transition (18, 19) . Protein stability of p21 is also governed by Skp2 in association with the SCF complex (22, 23) . In addition, fluctuations of Myf5 during the cell cycle is regulated by APC (13) . This evidence strongly suggests that the importance of Cdh1/APC in myogenesis is through regulating Skp2, Myf5, p21, and p27. To dissect the molecular mechanism by which Cdh1/APC regulates myogenesis, we carefully monitored the protein levels of Skp2, Myf5, p21, and p27 at different times following induction in both control cells and Cdh1-depleted cells. As shown in Fig. 4A , B, Skp2 levels are reduced by approximately four-fold within one day of induction but are stable in response to induction in Cdh1-depleted cells (Fig. 4A, Ba) . Myf5 levels are also drastically reduced, by approximately four-fold, within the two days following induction, and remain stable in Cdh1-depleted cells (Fig. 4A, Bb) . On Skp2 protein degradation following induction, the protein levels for both p21 and p27 are significantly increased in control cells but not in Cdh1-depleted cells, as demonstrated in Fig. 4A , Bc, Bd. In combination with previous physiological analysis (Fig. 2) , our data suggest that Cdh1/APC plays an important role in governing myogenesis through regulating the Skp2-p21-p27 cascade, as well as the myogenic factor, Myf5. 
Mechanism by which Skp2 and Myf5 are ubiquitylated via Cdh1/APC E3 ligase
This present result has suggested a dual involvement of Cdh1/APC in myogenesis through targeting of Skp2 or Myf5 for degradation. To demonstrate biochemically the interaction between Cdh1 with either Skp2 or Myf5, we cotransfected Myc-tagged Cdh1 along with HA-tagged Skp2 or HA-tagged Myf5 into C2C12 cells. Cells were harvested at different time points following induction as indicated in Fig. 5A, 
B.
Interaction between Cdh1 and either Skp2 or Myf5 were examined by immunoprecipitation using antibody against HA. Immunocomplexes were resolved by SDS-PAGE. Cdh1 binding to Skp2 or Myf5 was detected by immunoblotting. As shown in Fig. 5A , B, Cdh1 shows significant interaction with Skp2 approximately 8 h after induction, while Cdh1 shows similarly efficient interaction with Myf5 between 12 to 24 h after induction. Colocalization results, as indicated in Fig. 5C , further support the interaction between Cdh1 and either Skp2 or Myf5 in response to myogenic induction.
To elucidate the biochemical mechanism by which Skp2 and Myf5 are ubiquitylated in response to myogenic induction, we performed Skp2 and Myf5 ubiquitylation assays in cultured C2C12 cells. Previous studies have demonstrated that most substrates of APC bear a D-box recognition motif. Skp2 and Myf5 both contain a conserved D-box motif through which the degradation of Skp2 and Myf5 is probably mediated (Fig. 5D) (40 -44) . To analyze the role of the D-box in Skp2 and Myf5 ubiquitylation/degradation, we constructed D-box mutated Skp2 and Myf5. To demonstrate that Skp2 and Myf5 are polyubiquitylated in response to induction, we cotransfected HA-tagged wild-type Skp2 and D-box mutated Skp2 with Myc-tagged ubiquitin or HA-tagged wild-type Myf5 and D-box mutated Myf5 with Myc-tagged ubiquitin into control or Cdh1-depleted C2C12 cells. The Skp2 and the Myf5 immunocomplex were pulled down using an anti-HA antibody coupled to protein A/G beads. Polyubiquitylated Skp2 and Myf5 were then detected using an anti-Myc antibody as shown in Fig. 5E , F. Skp2 is significantly ubiquitylated within 8 h after induction, while Myf5 is ubiquitylated within 24 h after induction. Mutation of the D-box in both Skp2 and Myf5 blocked formation of the polyubiquitin chain in Skp2 and Myf5 (Fig. 5E, F) . Furthermore, depletion of Cdh1 by siRNA abolished the attachment of ubiquitin to Skp2 and Myf5 in response to induction (Fig. 5E, F) .
To further analyze the degradation of Skp2 and Myf5 in response to induction and to dissect the function of the D-box located on both Skp2 and Myf5, we established a cell-free protein degradation assay (27) . As shown in Fig. 5G , H, either Skp2 or Myf5 is significantly degraded in extracts prepared from induced C2C12 cells, while neither D-box mutated Skp2 nor Myf5 is degraded under similar conditions. Taken together, our results suggest that Cdh1/APC serves as an E3 ligase by degrading Skp2 and Myf5 at different times after myogenic induction. Degradation of both Skp2 and Myf5 is mediated by recognition of the D-box motif.
Expression of nondegradable Skp2 or Myf5 blocks myogenic differentiation
The above experiments suggest that degradation of Skp2 and Myf5 is necessary for myogenic differentia- ( Fig. 6A) (45) (Fig. 6B) showing that the protein levels of both wild-type Skp2 and wild-type Myf5 dropped after induction, while neither nondegradable Skp2 nor Myf5 exhibited noticeable degradation. As shown in Fig.  6C -H, stable expression of nondegradable Skp2 and Myf5 significantly blocked cellular elongation and myogenic fusion. In addition, BrdU staining analysis showed that expression of nondegradable Skp2 resulted in a failure to achieve cell cycle arrest during myogenic differentiation for C2C12, further suggesting the role of Skp2 in coordination of myogenic differentiation via regulating cell cycle progression. Taken together, the above results suggest that degradation of Skp2 and Myf5 at different time points in myogenic differentiation is necessary for myogenesis.
DISCUSSION
Integration of Cdh1/APC function within the paradigm of myogenesis
Myogenesis consists of multiple events. These myogenic events involve several critical signaling pathways, including FGF2, TGF-beta, Shh, Wnts, Bmp, Notch, as well as IGF signaling (1, 29) . A cluster of important molecules, such as MyoD family members (MyoD, Myf5, myogenin, Mrf4), as well as Rb, p21, E2F, Cyclin D1, Pax3, Pax7, PKC, c-Jun, and ID family proteins, have been shown to play important roles governing terminal myogenic differentiation (2, 15, 17, 29, 30, 32, 46) . Among these molecules, MyoD family proteins are key proteins, with MyoD and Myf5 being critical for specifying early cell fate determination, while myogenin and Mrf4 are involved in later differentiation and maturation of the myotube (16) . Coordinated arrest of cell cycle by the degradation of positive cell cycle regulators and the elevation of levels of several critical CKIs, are pivotal steps necessary to initiate differentiation (3, 31) . Previous studies by us and others have implicated a potential role for Cdh1 in muscle differentiation (24, 26) . To investigate the role of Cdh1 in muscle differentiation and further identify Cdh1 substrates during the myogenic process, we carried out a loss-of-function analysis based on the RNA interference of Cdh1 transcripts coupled with the analysis of the protein profile during myogenesis. The result from this study has revealed a novel regulatory mechanism for Cdh1/APC in the proteolytic regulation of two crucial proteins, Skp2 and Myf5, during myogenesis. Degradation of Skp2 by Cdh1/APC allows for accumulation of p21 and p27, thereby achieving withdrawal from cell cycle, while destruction of Myf5 by Cdh1/APC decreases the basal level of Myf5 necessary for myogenic fusion (Fig. 7) .
Degradation of Skp2 by Cdh1/APC is necessary to facilitate myogenesis through regulation of CKIs
Regulated proteolysis has been viewed as an important mechanism for the regulation of cellular differentiation (8, 14) . APC, a multifunctional E3 ligase, has been demonstrated to control cell cycle progression and some developmental events (24 -26, 47) . The function of APC has been initially examined in the control of chromatid separation during mitosis through the destruction of securin (48) . Activation of APC is via WD40 family members, including Cdc20 and Cdh1 with Cdc20 activating APC during mitosis and Cdh1 governing APC activity in G1 (49, 50) . Studies based on mouse and chicken systems have suggested that Cdh1, in association with APC, has a role in muscle development although the underlying mechanism remains unknown (24, 26). Utilizing an RNAi interference approach, we have demonstrated that Cdh1/APC is required for myogenesis. Furthermore, we have identified that Skp2 is the substrate for Cdh1/APC during myogenesis. Using biochemical and immunocytochemical analysis, we have elucidated the mechanism by which Cdh1/ APC targets Skp2 for degradation. Degradation of Skp2 is mediated by a D-box recognition motif. Our results Figure 7 . Model for the role of Cdh1/APC in mediating muscle differentiation. Cdh1/APC, a critical ubiquitin E3 ligase, plays an important role in muscle differentiation. Cdh1/APC targets Skp2 for degradation resulting in elevation of p21 and p27, thereby facilitating withdrawal from the cell cycle. Cdh1/APC targets Myf5 for destruction leading to myogenic differentiation.
suggest that Cdh1/APC is up-regulated in response to induction. Cdh1/APC is utilized under these circumstances to coordinate cell cycle progression by the proteolysis of Skp2, an E3 ligase, which controls protein stability of p21 and p27. Destruction of Skp2 results in up-regulation of p21 and p27 achieving cell cycle arrest via rebalancing negative regulators with the positive regulators of cell cycle (31) .
Although we have shown that Cdh1/APC is required for myogenesis, the mechanism by which APC is regulated in response to an induction environment (certain signaling) still remains to be elucidated. Although our BrdU and phospho-histone3 analyses have demonstrated that Cdh1 is important in determining the status of cell proliferation/differentiation, no suitable system is available to precisely study the cell cycle arrest controlled by Cdh1/APC. Other than p21 and p27, additional cell cycle proteins such as Rb, E2F, cyclin D1 are also critical in cell cycle arrest. How p21 and p27, regulated by the Cdh1/APC-Skp2 cascade, are coordinated with the above cell cycle regulators needs to be further studied. Currently, we have engineered C2C12 cells that stably express Cdh1-TAP (Tandem Affinity Purification), which would allow a comprehensive identification of potential interacting proteins as members of a purified Cdh1 complex. Identification of key interacting proteins in association with Cdh1 during myogenic differentiation would significantly enhance our understanding of the role and regulation of Cdh1/ APC during myogenesis.
Targeting Myf5 for degradation by Cdh1/APC ensures myogenic differentiation
Mouse studies, in combination with biochemical studies, have demonstrated that four MyoD family proteins, which includes MyoD, Myf5, myogenin, and Mrf4, are key factors in facilitating muscle differentiation (29) . During initial embryogenesis, early myogenic factors determine the cell fate of somites to become muscle progenitors (myoblasts). Withdrawal of myoblasts from the cell cycle is necessary for subsequent myogenic differentiation. Late-stage myogenic factors ensure myogenic differentiation and the further maturation of myotubes. Previous studies have demonstrated that MyoD and Myf5 are early myogenic factors specifying cell fate, while myogenin and Mrf4 are involved in later events necessary for differentiation (16) . Immunohistological analysis has demonstrated that Myf5 is only present in proliferating progenitor cells, while MyoD continues to be present in postmitotic differentiated muscle (51) . Prolonged expression of Myf5 disrupts the initiation of myogenic differentiation (52) . This information implicates the importance of the down-regulation of Myf5 on the completion the essential role of Myf5 in cell-fate determination. This down-regulation is very likely a vital requirement for subsequent events in myogenic differentiation. In this study, we have demonstrated a novel mechanism of Cdh1/APC targeting Myf5 for destruction that results in the maintenance of lower basal expression of Myf5. Thus, lower Myf5 expression is necessary for continued muscle differentiation. Previous studies have also shown that expression of the Myf5 transcript is maintained at similar levels during myogenesis (53) . Given the notion that Myf5 is down-regulated during myogenic differentiation, the ubiquitin-dependent proteolysis seems to serve an important role ensuring down-regulation of Myf5. Our results have proven that the UPS is an important system orchestrating Myf5 protein levels and therefore regulating muscle differentiation. Although our biochemical study has demonstrated that Cdh1/ APC targets both Skp2 and Myf5, our physiological experiments based on Cdh1 knockdown are still not able to differentiate the dual effect of Cdh1/APC on cell cycle arrest and myogenic fusion at this time. A suitable system needs to be developed to further clarify this question in future studies.
UPS provides a critical regulatory mechanism modulating the molecular network of myogenesis
The UPS plays an important role in the control of many critical cellular processes (54) . The biological function of the UPS has been extensively investigated in the regulation of cell cycle, while its role in subsequent development remains less well understood. The UPS has attracted substantial interest especially in the coordination of cell division with cellular differentiation, and in the regulation of transcription during early embryogenesis (8, (55) (56) (57) . Muscle differentiation is a relatively well-studied process, which provides an ideal system to study the function of the UPS in regulating differentiation. Functional proteomics and genomics studies based on C2C12 cells have illuminated the importance of the UPS in regulating molecular networks that govern myogenesis, with many components of the UPS machinery significantly altered in response to myogenic differentiation (32) (33) (34) . Proteolytic regulation of E2F and cyclin D1 is necessary for myoblast withdrawal from the cell cycle (58, 59) . Modulation of myogenic factors by the UPS, including MyoD and Myf5, have been demonstrated during cell cycle progression and differentiation in myoblasts (12, 13) . Degradation of ␤-catenin by Ozz-E3 ligase is important in myofibrillogenesis (60) . In addition, MuRF1 and MAFbx were shown to be important in skeletal muscle atrophy (61, 62) . Identification of Cdh1/APC in myogenesis reveals a novel regulatory circuitry of the UPS in modulating myogenic differentiation.
